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[Abstract] Background The enlarged perivascular space ( EPVS ) is closely 
related to cognitive dysfunction, affective disorder, stroke and adverse outcomes after 
stroke. Early detection and treatment are extremely important. Objective To 
investigate the relationship between heart rate variability (HRV) and the brain 
distribution of EPVS. Methods Patients who underwent 24-hour dynamic electrocardiogram 
monitoring and brain Magnetic Resonance Imaging (MRI) in the Department of Neurology, 
the Second Affiliated Hospital of Zhengzhou University from January 2020 to May 2022 
were collected and analyzed. Patients’ EPVS load was assessed. The severity of basal 
ganglia area EPVS (BG-EPVS) and centrum semiovale EPVS (CS-EPVS) were grouped according 
to EPVS scores. BG-EPVS was divided into 3 groups, mild group (Potter score was 1, 126 
cases), moderate group (Potter score was 2, 46 cases), severe group (Potter score was 
3~4, 27 cases). CS-EPVS was divided into 3 groups, mild group (Potter score was l, 131 
cases), moderate group (Potter score was 2, 45 cases), severe group (Potter score was 
3~4, 23 cases). The dominance model was divided according to the number of BG-EPVS and 
CS-EPVS, model 1 = BG > CS (119 cases), model 2 = BG = CS (20 cases), model 3 = BG < 
CS (60 cases). The general data and HRV parameters were compared among groups. Results 
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The age in the mild BG-EPVS group was lower than in the severe BG-EPVS group (P < 
0.05). The root mean square of successive differences of Normal-Normal (NN) intervals 
for period of interest (rMSSD) and total power (TP) in the severe BG-EPVS group were 
lower than in the mild BG-EPVS group (P < 0.05). Multiple Logistic regression analysis 
after correction for confounders showed that rMMSD was an independent influence on BG- 
EPVS (P=0.002), and rMMSD was an independent influence on the dominance model 
(P-0.003). Spearman correlation analysis showed that rMMSD, TP, and percentage of 
adjacent NN intervals larger than 50ms (PNN50) were negatively correlated with BG-EPVS 
severity (P « 0.05). Average of NN intervals standard deviation every 5 minutes 
standard deviation for period of interest (SDNNindex) and rMMSD were positively 
correlated with the EPVS dominance model (P < 0.05). Conclusion The decrease of rMMSD 
suggests that the imbalance of autonomic nervous system may lead to the destruction of 
blood-brain barrier or the decrease of brain metabolic waste clearance, and participate 
in the pathophysiology of BG-EPVS formation. 

[Key words]  Enlarged perivascular space; Basal ganglia area; Heart rate 
variability; Cerebral small vessel disease; Autonomic nervous system 
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intervals for period of interest, rMSSD) . HRX IE] A E54) FENN] BRISA SSD CSD of the mean of NN 
intervals every 5 minutes for period of interest, SDANN) . A-F50msAYAHSBNNIAIBRAY Er 4T EG. (percentage 
of adjacent NN intervals larger than 50ms, PNN5O) . HÆR TE] A E542) PENNIRJESSDHJ^2E IA Caverage of 
NN intervals SD every 5 minutes for period of interest, SDNNindex) ; 
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EPVS, EPVSPE4P14P=1~ 10748. 24P=11~2074. 34=21~4074 Fl 44 >40. MIRJE EPVSA ÁTH, BG-EPVS 
4Y2432H, 14 AREA (126480. , 22) 2g" EH (464) | 34>. 44> 0 BE EEZH (276il); CS-EPVS4} 32H, 14) Z9 STE 
2H (131), 229 23 ZH (45589) ,, 34>. A4 EE BEZH. 2340) . IRIB- EPVS-53CS-EPVS2X Be RJA HE Ay 6.201, N 
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y 0.050 , SPELT) AE ATA IH Se AUGE Sti A CP<0.05) o CS-EPVS34HIB]SDNN, SDANNindex, SDNNindex, 

; rMMSD, PNN50. TP. LF, HP AQLF/HPECAR, Ean AEA (720.05) . BG-EPVSCS-EPVSÆH PEA. ii 
c Hp. BERRA SE. DOW. BEC BS REN Se A Sb A Se Ss AT LL, FCB HA (00.050 , JUI. 
( X 1 EPVS PEHEA HRV 2X EG 


"dad HIER YI 
\ NAA 


HEH 


r£ 


= 


Table 1 Comparison of general information of EPVS severity and HRV parameters 

> BG-EPVS CS-EPVS 
Se XH f FE ETT EEA RRA m TE FE oA, rn fae 2 ERA MRA p 
© i 12615 46 fil 245] ir 13145] 45 il 234] tht 

CB ELA (0) ] 62 (49. 2 24 (52. 2) 19(70.4) 4.004 0.135 69(52.7) 22 (48. 9) 14(60. 7) | 0.878 0.645 
“EIS LOR), 9] —59.0(16.0) 71.0(16.5) 76.5(10.5)' 26.575 «0.01 66.0(16.0) 62.0(7.5)  54.0(21.0) 5.865 0.053 
e fe i. H3 fi 
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REC SE LA (82 ] 24 (19.0 10 (21. 7) 6(22.2) | 0.240" 0.887  33(25.2) 6 (13. 3) 1 (4.3) 8.2671" 0.016 
Tie LA ®) 141.1 4(8. 7) 4(14.8) 0.634 0.728 13(9.9) 7(15. 6) 2(8.7) 1.150° 0.563 
JA AB [E b b 

: 4.123-1.05 4.11+1.11 4.00+1.13 0.029' 0.972 4.02+1.06 4.43+0.95 3.95+1.28 2.808' 0.063 

x + s, mmol/L) 

Tm 

i .... . 1.13(0. 70) 1.08(0.77) 0.92(0.68) 0.656 0.720 1.09(0.66) 1.26(0.94) 1.04(0.80) 3.230 0.199 
[M(QR), mmol/L] 

fray Ses BER SR 

- -. .. . 1.28(0.44) 1.24(0.50) 1.23(0.41) 0.042 0.979 1.27(0.44) 1.33(0.4D  1.15(0.38) 2.772 0.250 
[M (QR), mmol/L] 

Kx RE HR S g 
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[M(QR), mmol/L] 
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[M(QR), mmol/L] 
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E KAR 11.4(5.9) 12.8(5.7) 12.6(5.8) 3.909 0.142  11.7(6.1) 10.8(4.5)  14.4(6.8) 4.808 0.090 
[M (QR), umol/L] 

SDNN 123. 5(54.0) 125.0(42.5) 117.0(44.0) 2.976 0.226 127.0(48.0) 121.0(55.5) 108.0(49.0) 4.426 0.109 
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0.553 108.0(42.0) 98.0(39.5) 
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«0.01  44.0(38.0) 52.0(30.5) 
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0. 005 
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Table 2 Multiple logistic regression analysis of HRV parameters and BG-EPVS severity 


Ap B SE wald x Pi OR 95%CT 
rMMSD* -0.017 0.0059 8. 792 0.002' 0.983 0. 972—0. 994 
TP* «0.001 <0. 0001 0. 026 0.872" 1.000 1. 000~1. 000 
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Table 3 Correlation analysis between HRV parameters and BG-EPVS severity 
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Table 4 Comparison of general data, HRV parameters and EPVS severity of EPVS advantage model 


EPVS (it AFRA 
ih H BG>CS BG=CS BG<CS Ree Bett Pl 
11941 204 604] E 
BIELA %)] 65 (54. 6) 8 (40. 0) 32 (53. 3) 1. 480° 0. 477 
EAS LM (QR), 2 | 67. 0(18. 0) 61.5(14. 8) 60. 5 (18. 5) 3. 768 0. 152 
fey IL Hj E A (4) ] 65 (54. 6) 10(50. 0) 38 (63. 3) 1. 651° 0. 438 
33 ER E A (4) ] 27 (22. 7) 4 (20. 0) 12 (20. 0) 0. 206° 0. 902 
WK SE [PA (%) ] 26 (21. 8) 3 (15. 0) 11 (18. 3) 0. 689° 0. 709 
Ti A (%)] 10(8. 4) 4 (20. 0) 8 (13. 3) 2. 570° 0. 277 
ca EL [s] PE : 
; 4. 004-1. 10 4. 134-0. 98 4. 304-1. 02 1. 557 0.919 
( x +s, mmol/L) 
Hi =M 1. 07 (0. 67) 1. 13 (0. 57) 1. 25 (0. 93) 5. 685 0. 058 
M (QR), mmol/L] 
(ay EE SE 1 
; . f . : . 9. 32 . 312 
UCR), nmol/L] 1. 23 (0. 46) 1. 37 (0. 58) 1. 28 (0. 41) 326 0.3 
ICE HER 2.30(1. 31) 2. 27 (1. 42) 2. 69 (1. 23) 5. 445 0. 066 
[M (QR), mmol/L] 
NT EHI 2 EE HR cR 
> i ; i L [ ; i l. ; 
LM (QR), mmol/L] 0. 52 (0. 40) 0. 59 (0. 48) 0. 57 (0. 46) 093 0. 579 
BEFAR 
A .1(6. . 4(6. .1(4. 1. 42 . 491 
DON. unt 12. 1 (6.8) 12. 4 (6. 2) 11. 1(4.9) 3 0. 49 
SUNN 118. 0 (56. 0) 130. 0(31. 8) 130. 0 (54. 8) 2. 116 0. 250 
NE . . : . j . : f 
SDANN 
: : 118. zi 110. 0 (34. 104. 5 (43. ; . 981 
LI (OR), ms] 8. 0(56. 1) 0. 0(34. 3) 04. 5 (43. 0) 0. 039 0 
SDNNindex 
: ; . f . à . f . . 04 
LI (QR), ms] 48. 0 (25. 0) 52. 5 (26. 8) 54. 5 (29. 8) 6. 132 0. 047 
rMMSD AA 
à - . . . . ‘ ; : . 001 
LM (QR), ms] 41. 0(25. 0) 58. 5(51. 8) 65. 5 (49. 3) 14. 128 0. 00 
PNN50 
: : , . 0(9. f . 2. 891 E 
LI (QR), 4] 6. 0 (11. 0) 4. 0 (9. 8) 12. 0(14. 8) 89 0. 236 
TP 
: " . i f : : 1 . 51 my. 
LI (QR), ms? ] 1728. 4 (1340. 7) 2021. 3(1962. 5) 1907. 1(1863. 9) 3. 516 0.17 
LF 
- f : . ; : 1 . .541 
LM (QR) ms ] 275. 5 (302. 1) 267. 8 (572. 9) 295. 9 (372. 9) 1. 228 0.5 
HF 
LI QR), ms? ] 137. 5(152. 0) 127. 0(138. 9) 122. 3(191. 5) 0. 093 0. 955 
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Table 5 Multiple logistic regression analysis of HRV parameters and EPVS advantage model 
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Table 6 Correlation analysis between HRV parameters and EPVS advantage model 
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